Abstract. Liver kinase B1 (LKB1) regulates cell polarity and has tumor-suppressor functions, while Beclin1 regulates autophagy and is associated with tumorigenesis. The present study quantified the expression level of LKB1 and Beclin1 in non-small cell lung cancer (NSCLC) tissue specimens and examined the possible association with clinicopathological characteristics and the survival of patients. Quantitative real-time reverse transcriptase-polymerase chain reaction (qRT-PCR), western blotting and immunohistochemistry were used to assess expression of LKB1 and Beclin1 in 142 NSCLC tissue samples. The data revealed that expression levels of both LKB1 and Beclin1 mRNA and protein were significantly reduced in the NSCLC tissues compared to levels in the matched surrounding normal lung tissues, and expression of LKB1 protein was associated with Beclin1 expression in the NSCLC tissues. Reduced expression of LKB1 protein was significantly associated with tumor histology (P<0.001) and poor differentiation (P<0.001), but was not associated with tumor lymph node metastasis, TNM stage or patient gender and age, while the reduced expression of Beclin1 protein was associated with tumor histology (P<0.05) and poor differentiation (P<0.05). Univariate analysis revealed that adenocarcinoma, lymph node metastasis, advanced TNM stage and reduced expression of LKB1 and Beclin1 proteins are associated with the survival of NSCLC patients. Multivariate analysis indicated that adenocarcinoma (P<0.05), lymph node metastasis (P<0.05), advanced TNM stage (P<0.001) and reduced expression of LKB1 (P<0.05) and Beclin1 (P<0.001) are all independent prognostic indicators for the survival of NSCLC patients.
Introduction
Lung cancer is the leading cause of cancer-related death in the world and non-small cell lung cancer (NSCLC) accounts for more than 85% of all diagnosed lung cancers (1) . Although advancements have been made in early detection, prevention and treatment options (such as molecular targeting therapy), the overall survival of lung cancer has not significantly improved. Advanced lung cancers are associated with a high rate of metastasis and limited treatment options, all of which contribute to the low 5-year survival rate. Importantly, a large number of patients are still being diagnosed at advanced stages of the disease, which excludes surgery as an option for their treatment. Thus, novel approaches to facilitate early detection and identification and evaluation of prognostic markers could help physicians to more efficiently manage lung cancer patients. At the molecular level, development of lung cancer, similar to most other cancers, involves the activation of oncogenes and inactivation of tumor-suppressor genes and to date, a great number of gene alterations have been identified as being associated with lung carcinogenesis.
One of the molecules involved in tumorigenesis is liver kinase B1 (LKB1, also known as serine/threonine kinase 11, STK11), which is a member of the serine/threonine kinase family and functions to regulate cell polarity. LKB1 was first reported as the causative gene of Peutz-Jeghers syndrome (2,3) characterized by multiple gastrointestinal polyps, mucocutaneous hyperpigmentation and increased cancer risk. The LKB1 protein contains 433 amino acids, a nuclear location signal in the N-terminal non-catalytic domain and the central catalytic domain and a C-terminal non-catalytic domain (4, 5) . Previous studies have shown that LKB1 functions as a tumor-suppressor gene by activating a group of other kinases, including AMP-activated protein kinase (AMPK) (6, 7) or AMPK-related kinases, which in turn regulate cell cycle (8) , cell apoptosis, cell polarity and metabolism (9, 10) . In lung cancer, particularly NSCLC, LKB1 was shown to be frequently mutated or inactivated, and loss of LKB1 function was found to be associated with lung cancer development, tumor de-differentiation, progression and metastasis (11) .
Alteration of autophagy has been shown to play an important role in human tumorigenesis. Although autophagy is considered as an adaptive response to integrated stress, including nutrient deprivation, reactive oxygen species, or endoplasmic reticulum stress (12) , it acts as a double-edged sword in cancer. On the one hand, autophagy has tumor-suppressor effects, whereas on the other hand, it can promote tumor survival in response to cellular stress (13) . There is preclinical evidence for the improved antitumor effect of chemotherapy when combined with autophagy inhibitors (14) (15) (16) (17) . In this regard, Beclin1 is a crucial modifier of autophagy and a component of the class III phosphatidylinositol 3-kinase (PI3K) complex that is involved in the activation of autophagy and formation of autophagosomes (18, 19) . Previous studies have shown aberrant expression of Beclin1 in breast, esophageal, gastric and colorectal cancers (20) (21) (22) . LKB1 has been demonstrated to be involved in autophagy and regulates the expression of autophagy-related molecules in vitro. A number of preclinical studies have been conducted that demonstrate the utility of targeting LKB1 and autophagy as a therapeutic strategy for several human cancers (23) (24) (25) . However, the clinicopathological significance of LKB1 and autophagy-related gene Beclin1 and their relationship in vivo remain to be determined. In the present study, we quantified expression of LKB1 and Beclin1 in NSCLC tissues and defined their association with clinicopathological features and survival of the patients.
Materials and methods
Patients. We collected tissue samples from 142 NSCLC patients who underwent surgery between January 2008 and october 2012 at The First Affiliated Hospital of Xi'an Jiaotong University. The patients were diagnosed with NSCLC based on pathology and did not receive any chemotherapy and/or radiotherapy before surgery. The patient cohort consisted of 82 male and 60 female patients with an average age of 58.2 years (range, 31-84 years). Tumor tissues and matched surrounding normal tissues (at least 5 cm away from the tumor lesions) were obtained from the Pathology Department. All of the specimens were examined and evaluated by two independent pathologists. Clinicopathological data were collected from the patient medical records and are shown in Table I . Tumor staging was evaluated according to the 7th edition of the AJCC cancer staging manual (26) . The last follow-up date of all patients was recorded in February 2014. For survival analysis, the survival data were censored on the date of the last follow-up or death from causes other than NSCLC. This study was approved by the Medical ethics Committee of The First Affiliated Hospital of Xi'an Jiaotong University, and informed consent was obtained from each patient.
Immunohistochemistry. Formalin-fixed paraffin-embedded blocks from normal and cancerous tissues were cut into 5-µm sections, deparaffinized and rehydrated in xylene and graded alcohols, respectively. After antigen retrieval by microwave heating in citric acid buffer, the sections were incubated with 3% H 2 O 2 for 30 min at room temperature to block endogenous peroxidase activity. Sections were then incubated with normal serum for 30 min at room temperature and then further incubated with the primary antibody against LKB1 (D60C5F10; Cell Signaling Technology, Danvers, MA, USA) at a dilution of 1:250 and Beclin1 (ePR1733Y; Abcam, Cambridge, UK) at a dilution of 1:50 overnight at 4˚C. on the following day, the sections were washed three times with phosphate-buffered saline (PBS) and then incubated with a biotin-labeled secondary antibody. Sections were washed three times with PBS and incubated with 3,3'-diaminobenzidine tetrahydrochloride (DAB) and counterstained with hematoxylin. Breast cancer tissue sections were used as positive controls, and the negative controls were incubated with PBS instead of the primary antibody.
Immunostained tissue sections were then independently reviewed and scored by two clinical pathologists. The scores were based on the staining intensity (0-3) and the percentage of positive-staining tumor cells (0-100%). The staining intensity was defined as negative (0), weak (1), moderate (2) or strong (3), and the percentage of positive tumor cells was scored as 0 (0%), 1 (1-25%), 2 (26-50%), 3 (51-75%) and 4 (76-100%). The staining intensity and the percentage of positive tumor cells were multiplied to reach a final score for each case, which ranged between 0 and 12, with a score of 0-4 being considered as low expression of either LKB1 or Beclin1 and a score of 5-12 as high expression of these proteins.
qRT-PCR analysis. Total RNA was extracted from fresh tissues using TRIzol reagent (Invitrogen, Carlsbad, CA, USA) and then reversely transcribed into cDNA using the SYBR exScript RT-PCR kit (Takara, Dalian, China) according to the manufacturers' instructions. qPCR amplification was then performed using the iq5 Multicolor Real-Time PCR Detection System (Bio-Rad, Hercules, CA, USA) with SYBR Premix ex Taq™ II (Takara). The PCR primers for LKB1 and Beclin1 were designed and synthesized by Takara Biotechnology Co. and their sequences were LKB1, 5'-AgCATgACTgTggTg CCgTACT-3' and 5'-TCCATTgTgACTggCCTCCTC-3'; Beclin1, 5'-AACCAACgTCTTTAATgCAACCTTC-3' and 5'-AgCAgCATTAATCTCATTCCATTCC-3'. glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used as the reference control and the primers were 5'-ATggggAAggT gAAggTCg-3' and 5'-gggTCATTgATggCAACAATA TC-3'. All of the samples were performed in triplicate, and melting curve analysis was conducted to evaluate the specificity of the amplification. The 2 -ΔΔCt method was adopted to quantify levels of the target genes vs. the GAPDH gene. The relative expression 2 -ΔΔCt was calculated using the following for mu la: ΔC t = Ct (target) -Ct (reference); ΔΔCt = ΔCt (tumor) -ΔCt (normal).
Protein extraction and western blotting. Total cellular protein for western blotting was extracted from the fresh tissues using RIPA lysis buffer (Beyotime Chemical Co., Beijing, China). The protein samples were separated on 6-12% sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAge) and transferred onto PVDF membranes (Millipore Corp., Billerica, MA, USA). For western blotting, the PVDF membranes were blocked in 5% non-fat milk at room temperature for 1 h and then incubated with primary antibodies (anti-LKB1 antibody, 1:800, 27D10, Cell Signaling Technology; anti-Beclin1 antibody, 1:800, ePR1733Y, Abcam and anti-β-actin antibody, 1:1000, sc-130301, Santa Cruz Biotechnology Inc., Santa Cruz, CA, USA) at 4˚C overnight. on the following day, the membranes were washed with PBS-Tween-20 (PBS-T) three times and then incubated with the secondary antibody (Santa Cruz Biotechnology) and the immunoreaction was detected using the eCL reagent (Millipore Corp.). each experiment was repeated twice, and the band intensities were quantified by densitometry.
Statistical analysis. Pearson's χ 2 test was used to determine an association between expression of LKB1 or Beclin1 and the clinicopathological parameters. Independent t-test was adopted to assess the statistical significance of differences between cancer and the matched surrounding normal tissues. Spearman's test was used to assess the correlation between LKB1 and Beclin1 expression. Survival curves were calculated using the Kaplan-Meier method and statistically analyzed using the log-rank test. For univariate and multivariate analyses, Cox regression model was carried out to estimate the prognostic value of the clinicopathological factors and expression of LKB1 and Beclin1. Statistical analyses were carried out using SPSS 17.0 software (SPSS, Chicago, IL, USA). P<0.05 was defined as statistically significant.
Results
Expression of LKB1 in NSCLC and paired surrounding normal tissues. We performed qRT-PCR, western blotting and immunohistochemistry to assess the expression of LKB1 and Beclin1 in 142 paired normal and NSCLC tissue specimens. The data showed that the level of LKB1 mRNA was significantly lower in the NSCLC tissues than that in the normal lung tissues (P<0.001). Reduced levels of LKB1 mRNA were associated with tumor histology (P=0.041) and de-differentiation (P=0.006) (Table II) . Immunohistochemical staining revealed that LKB1 protein was moderately or strongly expressed in the cytoplasm (Fig. 1) . one hundred and nine (76.8%) cases of NSCLC tissues expressed LKB1 protein but the expression level was significantly lower than that in the surrounding normal lung tissues (P<0.001). Reduced expression of LKBI protein was associated with tumor histologic type (P<0.001) and de-differentiation (P<0.001), but not with lymph node metastasis and advanced TNM stage or with patient gender and age (Table I) . Similarly, western blotting was consistent with the immunohistochemical data, showing that LKB1 was expressed in 71.8% (102/142) of NSCLC tissues and in 89.4% (127/142) of surrounding normal lung tissues (Fig. 2) . LKB1 expression was significantly lower in the NSCLC than that in paired normal lung tissues.
Expression of Beclin1 in NSCLC and paired surrounding normal tissues. Beclin1 protein was predominantly expressed in the cytoplasm of both normal and tumor lung tissues. In NSCLC tissues, Beclin1 protein expression was observed in 87 (61.3%) cases, which was lower than that in the normal lung tissues (Fig. 1) . Reduced expression of Beclin1 was significantly associated with tumor histologic type (P=0.032) and Table I . Association of LKB1 and Beclin1 protein expression with clinicopathological parameters of the NSCLC patients. de-differentiation (P= 0.015). However, there was no significant association with patient gender and age, tumor lymph node metastasis or TNM stage (Table I) . Similar results were observed in data from the western blot analysis. Beclin1 protein was expressed in 40.1% (57/142) of NSCLC tissues, which was significantly lower than that of the paired surrounding normal lung tissues (72.5%, 103/142). Furthermore, levels of Beclin1 mRNA were also significantly lower in the NSCLC tissues than that in the paired normal lung tissues. The reduced Beclin1 mRNA level was also associated with tumor histology (P=0.005) and de-differentiation (P=0.031).
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Correlation of LKB1 and Beclin1 expression in NSCLC tissue
specimens. Since LKB1 and Beclin1 are being targeted for clinical control of different human cancers, we examined the possible correlation between these two proteins in terms of their expression in NSCLC tissue samples using Spearman's rank test. We found that LKB1 protein expression was statistically correlated (r= 0.247, P= 0.003) with Beclin1 expression (Table III) . However, there was no correlation between levels of LKB1 and Beclin1 mRNA (r=0.135, P=0.109).
Association of LKB1 and Beclin1 protein expression with
overall survival of NSCLC patients. All 142 patients were followed up until February 2014. We found that the median survival time of these patients was 31 months (range 3-71 months). The Kaplan-Meier curves were then plotted after stratification based on LKB1 and Beclin1 protein expression and analyzed using the log-rank test. The overall survival of NSCLC patients with low LKB1 or Beclin1 expression was significantly shorter than that of patients with high LKB1 or Beclin1 expression (Fig. 3) . In order to evaluate the prognostic significance of the combined LKB1 and Beclin1 expression, NSCLC patients were classified into four subgroups:
We found that patients without LKB1 and Table II . Association of LKB1 and Beclin1 mRNA levels with the clinicopathological parameters of the NSCLC patients. I-II  107  41  66  53  54  III-IV  35  19  16  21  14 NSCLC patients were divided into two groups by the gene median expression. LKB1, liver kinase B1; NSCLC, non-small cell lung cancer; ADC, adenocarcinoma; SqCC, squamous cell carcinoma. Table III . Correlation of LKB1 with Beclin1 expression in the NSCLC tissues. Beclin1 expression had a poorer overall survival than the other three groups of patients (Fig. 3) . Univariate and multivariate Cox proportional hazards models (Table IV) 
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Discussion
In the present study, we detected expression of LKB1 and Beclin1 mRNA and protein in 142 NSCLC and paired surrounding normal lung tissues. We found that expression of both LKB1 and Beclin1 mRNA and protein was reduced significantly in the NSCLC tissues compared to levels in the normal tissues. expression of LKB1 protein was correlated with Beclin1 expression in the NSCLC tissues and the reduced expression of LKB1 and Beclin1 mRNA and proteins was associated with tumor histology and de-differentiation. Furthermore, the reduced expression of both LKB1 and Beclin1 proteins was associated with poor overall survival of the NSCLC patients. Patients without LKB1 and Beclin1 expression had a poorer overall survival than the other three groups of patients. Multivariate analysis confirmed that expression of both LKB1 and Beclin1 proteins, together with adenocarcinoma, lymph node metastasis and advanced TNM stage, are independent indicators for the overall survival of NSCLC patients. Thus, future studies are required to further evaluate these molecules as biomarkers for NSCLC prognosis. Our current data are consistent with previous studies. LKB1 inactivation is common in lung adenocarcinoma (27, 28) and plays a role as a tumor biomarker in mouse and human tissues (29) . Furthermore, inactivation of LKB1 via somatic mutations commonly occurs in NSCLC, and loss of function mutations of LKB1 have been reported in ~20-30% of NSCLC patients (30) . A mutation analysis also identified LKB1 mutations in other cancers, such as melanoma, cervical, pancreatic and prostate cancers (31) (32) (33) . Ji et al (11) provided strong evidence that LKB1 plays a key role in lung cancer differentiation and metastasis. In addition, mouse models of LKB1 heterozygous deletion showed that the LKB1 deletion is sufficient to induce cancer development in mice (34) (35) (36) . However, onozato et al (37) showed that there was no statistically significant correlation between patient survival curves and expression of LKB1 mRNA.
At the cellular level, LKB1 can induce or prevent apoptosis, depending on the cell context. This is due to the fact that LKB1 is also involved in autophagy, considered as type II programmed cell death. Autophagy is a self-digesting process that degrades and recycles aged protein and organelles engulfed into autophagosomes through the lysosomal pathway (38) . Autophagy is a highly conserved degradation process regulated by autophagy-related genes. Several diseases, such as neurodegenerative, cancer, ageing and certain liver and heart diseases are related to dysfunctional autophagy (39) . The current theory suggests that autophagy can act as a tumor suppressor or cell apoptosis protector. A previous study showed that LKB1 activated autophagy through AMPK activation to inhibit mToR and protected from cell death (6). The LKB1-AMPK pathway can be activated by energy stress and ROS. Moreover, Beclin1 directly participates in autophagy regulation, and altered Beclin1 expression is associated with human tumorigenesis. Indeed, the present data showed that expression of Beclin1 mRNA and protein was significantly reduced in NSCLC tissues compared to that in the paired surrounding normal lung tissues, which is consistent with previous studies of NSCLC (40, 41) . However, Ahn et al (22) showed that Beclin1 expression in gastric and colorectal cancer was notably higher than that in paired normal tissues. The reason for this discrepancy is not known, but it may be tissue-specific. In addition, our present data showed that Beclin1 expression was associated with tumor histology and differentiation and with overall survival of NSCLC patients. We also found that low LKB1 expression was significantly correlated with low Beclin1 expression. We therefore propose that LKB1 may influence tumor differentiation and metastasis through autophagy. However, the exact molecular mechanisms require further investigation.
In conclusion, the present study demonstrated that expression of LKB1 and Beclin1 was reduced in NSCLC tissues, and the reduced expression of these proteins, together with adenocarcinoma, lymph node metastasis and advanced TNM stage, are independent indicators for the overall survival of NSCLC patients. Further studies to verify our data are required before translation into clinical practice. 
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